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Abstract 
The “NODE” research project, led by EIFER, addresses the question of how to improve energy efficiency in transport hubs. It aims 
to bring together different stakeholders, such as urban planners, transport planners and energy providers, each with a distinct point 
of view and area of expertise, to generate knowledge about energy governance. The objective is to evaluate the way that energy 
issues are addressed in planning urban projects near public transport hubs. It will estimate possible changes to the “use of public 
transport”, “built environment” “activity developed” and “demographic profile”, which influence the neighbourhood’s energy 
consumption. The following article describes the method used and the modules “transport” and “land use”, and then looks at them 
in respect of urban energy efficiency. Some intermediate results will be presented but it should be noted that the model, especially 
the module addressing land use, is still in development. 
© 2014 The Authors. Published by Elsevier B. V. 
Selection and peer-review under responsibility of Technische Universität München. 
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1. Introduction 
Locating urban development projects near transportation hubs could offer solutions for planners addressing urban 
sprawl (environmental problems) and re-urbanisation process (real estate difficulties) (Renne, 2007; Wells, Renne, 
2003). Planners hope to decrease pressure on the residential market, as well as to promote public transport and avoid 
splinter development. This project, a so-called Transit Oriented Development (TOD), leads to urban growth, generally 
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in the residential and service sectors. The aim of a TOD is to anchor multi-polar developments in agglomerations 
(Cervero, 2004; Peek, 2006). 
Intermodal hubs and their immediate neighbourhoods consume a lot of energy however, the potential for developing 
transport hubs to address urban energy problems (production, distribution and efficiency) has not yet been analyzed 
(Peny, 2012). The main issues for energy efficiency at a hub are improving the energy balance in absolute and relative 
values (per m2 or per passenger), evaluating the difficulties linked to variations in daily use, and assessing the impact 
of a changing transport fleet and technological developments in building on the energy substitution. Land use structure, 
like density, activity mix and balance between spaces for transport, residential and services sectors also impacts energy 
consumption for the entire neighbourhood (Margail Minvielle, 2000). 
The NODE research project, led by EIFER, primarily addresses the questions of how to improve energy efficiency 
in a transport hub. Is it possible to upgrade daily energy use between different sectors? Will the development of new 
transport technologies significantly reduce energy consumption or, will it mostly result in the substitution of one 
energy for another? To what extent does neighbourhood density and diversity of use influence energy efficiency? Are 
there any break-even points in the hub’s energy efficiency? 
The NODE project aims to bring together different stakeholders like urban planners, transport planners and energy 
providers, each with a distinct point of view and area of expertise, to generate knowledge about energy governance. 
The objective of the project is to evaluate energy-related issues in the planning of urban projects near public transport 
hubs. It will estimate possible changes to the “use of public transport”, “built environment” “activity developed”, and 
“demographic profile”, all of which influence the neighbourhood’s energy consumption. Both synergies and the 
downsides of policies on technology, city and transport planning will be identified. 
In the literature, development of urban transport hubs is analysed through empirical research; either models 
(Bertolini, 1996; Garcia, 2006; Gaschet, 2011 etc.) or simulation tools were developed: PLUIE, LUTRAS, ITLU-LCA 
(Chester 2013), DYNACITé, etc.  Most of these are based on land-use transport interaction (LUTI) approaches. None 
of these projects allow for the analysis of energy demand for an intermodal exchange pole, taking different sectors 
into account. Here, the NODE project adds value to the scientific discourse by assessing the impact of technology as 
well as transport and urban policies on energy consumption. 
This article describes the method used and the transport and land use modules. It links them to the topic of urban 
energy efficiency. Some intermediate results will be presented but the model, especially the land use module, is still 
in development. 
2. Overview of the method 
Although the ongoing study performs calculations for the current situation (base year), the model is designed to 
simulate different long-term scenarios. A system dynamics (SD) modelling method is used because it demonstrates 
the interaction between different parameters of the system represented. Scenarios can be adjusted to represent changes 
to these parameters or to external changes like policies. The objective is to identify tendencies rather than to obtain a 
precise calculation. This method is specifically adapted to allow for change in perspective and to gain an integrated 
view between sectors.  
The model requires tree modules: “transport module” and “land use module” evolve simultaneously by changing 
the number and the profile of public transport users (Fig. 1). The “technology and energy module” work separately. 
27 A.S. Fulda and E. Nimal /  Transportation Research Procedia  4 ( 2014 )  25 – 41 
 
Fig. 1. NODE architecture (Eifer, 2014) 
Prospective scenarios are developed to allow a comparison of the energy impact from different urban projects, 
different transport policies, changes in technology and changes to the services and quality of the station. 
The NODE model uses VENSIM software (Fig. 2).  Changes over time are derived from feedback between the 
accessibility of the station by public transport and the quality of life, which increases the attractiveness of the 
neighbourhood (Hojer, 2000; Menerault, 2006). Furthermore, any changes to transport and services at the station will 
have an impact both on public transport use and on the attractiveness of the neighbourhood. The main parameters 
included in each module are described in the next section. 
 
 
Fig. 2. Preliminary interaction between the transport and land use modules (Eifer, 2013)
28   A.S. Fulda and E. Nimal /  Transportation Research Procedia  4 ( 2014 )  25 – 41 
The application of a LUTI method on a micro level implies some methodological particularities. First, the location 
of the hub within an agglomeration will be taken into account by applying different parameters like distance to the 
city centre, attractiveness and accessibility. Second, the population is classified by age and income, this allows for 
differences in transportation behaviour (i.e. students using public transport) and in location preferences (i.e. family 
near supply). Third, in the transport and building sectors, the behaviour of passengers/users is considered through 
modal choice and through normative user parameter. Fourth, technological differentiation is taken into account on 
transport and building systems, this is achieved through scenarios on changes to the vehicle fleet and building 
equipment. Consumption factors are developed for each technology. 
NODE must be applicable to all types of TOD, it must take into account different locations in the city and varied 
urban structures. It must also be applicable to governance purposes. It should be both user-friendly and accessible to 
a range of user groups. The model should meet to the following requirements: 
 
x Limit the amount of input data. Required input data are: description of neighbourhood land use (m2 built, per 
use) and input on transport available in the hub (car parking system – frequency of different public transport 
modes). Other data are organized in fixed parameters that can be adjusted if desired, with local parameters from 
the “Enquête Ménages Déplacements” (French survey of trips and their purpose, per person, EMD). The study 
assumes that inhabitants/users with the same demographic profile (income and age) and within a ring (location) 
have homogeneous behaviour (number of trips and average distances as well as user behaviour at home or at 
work). 
x Avoid the simulation of any transport or energy infrastructure because of the heaviness. So that, the simulation 
method is system dynamic, and not multi agent based. 
x Focus on the hub and its influence on the urban development in its close proximity (neighbourhood). All the rest 
of the agglomeration, both for the transport system (at the end of the trip) and for the equilibrium between urban 
pole (location factor for the whole agglomeration), use “generic” parameters. These generic parameters are stable 
over time, so that the city’s context remains constant. This limits the reliability of the scenarios but allows for a 
comparison between different transport NODE developments. 
 
The model is applied in Strasbourg, on the “Rotonde” (Fig. 3) transportation hub where most of the empirical 
research was conducted (Beyer, 2011; L’Hostis, 2010; Pretsch, Wulfhorst et al. 2002). Rotonde station is an 
intermodal hub on the 2nd ring -in Strasbourg- which includes two tram lines, two bus stops, a Park&Ride (450 places) 
and some cycle stands. Data collection and parameters are based on a local transport survey (EMD) as well as socio-
demographic statistics from INSEE – SIREN and additional data from local actors. A list of the station’s electric 
equipment has also been collected.  
The “Cronenbourg Est” neighbourhood is mixed-use, with housing (community buildings and individual houses), 
shops and leisure facilities, a cemetery and an administrative building. It has 8,500 inhabitants (INSEE 2008). 
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Fig. 3. Location and urban structure of Cronenbourg Est and Rotonde station, Strasbourg, France ( Eifer, 2012)
 
3. “Transport” module 
In order to better differentiate the spatial quality and transport 
behavior belonging to different places, it had been decided to 
split the agglomeration in different homogenous rings (Fig. 4). 
For the case study, the Strasbourg region is divided into four 
rings:  
 
x 1st ring: city-centre of Strasbourg -very high density and 
urban  
x 2nd ring: rest of Strasbourg -high density and urban 
x 3rd ring: bordering cities and suburbs of Strasbourg -urban 
x 4th ring: others towns in the Strasbourg zone of influence -
rural 
 
 
Fig. 4. Strasbourg region and rings (Eifer, 2013)
30   A.S. Fulda and E. Nimal /  Transportation Research Procedia  4 ( 2014 )  25 – 41 
3.1. A 2 step model: generation and intermodal choice 
The transport module has been developed according to a 4-step model pattern, with only generation and modal split 
computed. The objective is to consider trips within a single area to build the generation step, thus the distribution step 
and the quite heavy use of the Origin-Destination matrix, are irrelevant. Both steps are shown in the next section.  
The generation table is organized into two types of trips: “attractions” and “emissions”. “Emissions” are supposed 
to be homogeneous within demographic groups (age and income) for one area, and their origin is always the home, 
irrespective of their purposes. “Attractions” are concerned with destination area and purpose (Fig. 5). Some trips may 
be counted twice because origin and destination are within the same neighbourhood. According to Bosserhoff’s 
evaluation, depending on neighbourhood structure, they may represent 10 to 20% of trips (Bosserhoff 2011).  
 
 
Fig. 5. Generation: trip organisation (Eifer, 2014)
The following table provides averages for the number of trips per day and the distance travelled per trip. The 
parameter used is the result of an EMD analysis (Table 1). 
Table 1. Emission: origin dwelling, EMD trip analysis (Eifer, 2014) 
Spatial Age Social Number of people (sample)
Number of 
represented 
people 
Average daily 
trips / person 
Average daily 
distance / trip 
2nd ring 
5-18 years old All incomes 568 34,756 1.1 3.5 
18-25 years old All incomes 281 19,708 1.4 6.9 
>25-65  years 
old 
Lower incomes 559 37,307 1.5 6.7 
Medium incomes 271 19,634 1.5 8.2 
Higher incomes 374 27,612 1.6 9.9 
> 65  years old All incomes 278 19,412 1.0 7.7 
 
For “attractions”, as for “emissions”, the parameters are the number of trips per person: a constant of 2 trips per 
user for each purpose. An average km/trip for each activity is then attributed. These values are taken from EMD-
Strasbourg (Table 2). 
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Table 2. Trips analysis: Average distance, km/trip, EMD analysis (Eifer, 2014) 
Spatial Destination purpose: Work Destinations purpose: Shop, leisure, school, high school Destination purpose: Universities 
1st ring 13.1 8.3 6.5 
2nd ring 13.1 7.4 5.2 
3st ring 17.1 8.4 14 
4th ring 18.7 10.9 / 
 
The number of people for the calculation “emissions” have been taken from French statistics (INSEE) and 
“attractions” are computed through activities, linked to Bosserhoff`s work. Bosserhoff’s work is an orientation to 
calculate the number of employees and visitors /clients for services, as well as shoppers and students (school or 
university) per surface (Bosserhoff, 2011). 
For the base year, the number of inhabitants, as well as the number of employees and students, is compiled from 
INSEE data at the scale of an IRIS block (French administrative statistics area) and the SIREN companies list.  
The modal choice is based on the economic utility for people. It is assumed that people evaluate the cost and time 
of a trip to determine their preferences, with time as the dominant factor. The decision of using public transport is 
highly influenced by its quality; however it is difficult to integrate quality as a quantitative parameter. This will be 
included in future work.  
The main objective is to take into account the multimodal choice for each trip, because research at a hub is focused 
on multi-modality (PREDIT, 2002). A chain of trips is not decided by two different choices -one at the trip beginning, 
one at the middle, and one at the end; travellers will first consider all possible combinations and then determine their 
route and method. 
Thereby, utility functions are written down as follows: 
 
ܷ݊ሺ݅ሻ ൌ ߙ ൅෍ߚ݅
݅
ܶ݅ ൅෍ߛ݅
݅
ܥ݅ 
x ߙ,Ⱦ,ɀ: coefficients 
x C: cost of the whole trip 
x T: time of the whole trip 
x : each part of a chained trip 
 
Trip times are made of three types of added times: 
 
x Walking time (at the beginning and the end) 
x First mode time 
x Second mode time 
x Transfer time (including waiting time and walking). 
 
The two different schemes are considered: “feeder/main mode” or “main mode/last km” combinations. 
Although the main mode times are extracted from surveys, feeder and last km times follow empirical observations. 
Pretsch, Wulfhorst et al. (2002) and Dreier (2001) have shown that feeder distance is unlikely more than 500m and is 
almost always travelled on foot (5 km/h). For the residual part of non-walking feeders, time is identified as 10min 
(Perez, 2012). 
Cars are related to a generic cost per km; it was assumed that people imagine the trip price to be equal to the fuel 
price needed for the journey, excluding non-immediate costs. Public transport costs are identified on a subscription 
basis, divided by work-days and the average number of moves per day, per person. 
A logit function defines the modal choice, which calculates the probability, for each combination:                               
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Finally, the coefficients are calibrated via the EMD multimodal split, calculated from the 2nd ring of Strasbourg 
Rotonde (Fig. 6). 
 
 
 
 
 
 
 
 
 
Fig. 6. (a) Modal split (b) Focus on multimodal split, Rotonde, Strasbourg - NODE logit results (Eifer, 2013)
3.2. System Dynamics for the transport module 
The main parameters and their links are described in the figure 7, equations are not displayed. Some generic times 
and costs are computed for each part of the trip chain, which allows the model to add them according to the 
combinations. Transfers between modes are determined by taking into account the station situation (number of levels, 
distances and capacity). 
The modal choice is comprised of the following three steps: 
 
x Multimodal choice: logit function including the generation step (population and number of trips per person). 
x Capacity: comparison between demand and availability taking into account individual and public transport, 
occupancy. 
x Mode report: the trips supplement is reported upon the uncrowded transport mode. 
a 
b 
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Fig. 7. NODE: modal choice on Vensim (Eifer, 2013)
Figure 8 shows the composition of the public transport fleet used in the transport module. This tests local policies 
and fleet improvements or changes. Inputs are by number of each mode of public transport (tram, bus, etc....), their 
capacities and frequencies, considered for main mode in the trip. Otherwise, cars and cycles are available for the 
feeder and last km stages. The changes in availability are due to the number of users, calculated from the previous 
model. 
 
 
Fig. 8. NODE: transport equipment sketch on Vensim (Eifer, 2013)
4. “Land use” module 
The land-use module takes into account the area around the station (neighbourhood). The delimitation of the 
neighbourhood must be defined for each individual case study and depends on the amount, frequency, and level of 
public transport at the station.  
Surface of different uses are input data in the module. The number of inhabitants is calculated from the number of 
square meters for “living” and the population density of the neighbourhood (generic parameter m2/inhabitants). 
Calibration is realized looking at INSEE Data. For other uses like shopping, higher education and leisure, surfaces 
34   A.S. Fulda and E. Nimal /  Transportation Research Procedia  4 ( 2014 )  25 – 41 
can be determined through field work as the neighbourhood covers a small area, and finally, the available area for 
new development is identified by SCOTER, the regional planning instrument (ADEUS, 2008). 
The simulation of change in land use is achieved in two steps. First, the dynamism of the neighbourhoods is 
calculated: how fast are occurring changes in the neighbourhood? Then, the population, or the type of activity 
connected to the urban project are identified: what kind of population/firm will settle in the neighbourhood? This 
method, described in the next paragraph, is still in development.  
4.1. Change in the neighbourhood 
Current research highlights that location choice is preliminary a decision between inner city areas or suburbs (Olaru, 
D. 2010; Vallée, D. 2014; Limtanakool et al., 2007). In our model, this decision should be considered as a macro 
decision, meaning that residential areas within each ring have similar characteristics. The model’s hypothesis is that 
the macro decision is made between rings rather than within them. The second step of the decision (micro decision) 
is linked to the housing characteristics (size and price) and environment (quietness, local supply etc.). The micro 
decision is made within the ring. One big difference between the hub neighbourhood and the rest of the ring is 
accessibility to public transport. 
The dynamics of general urban development is driven by the real estate market (Moretti, 1990). For example, in 
the residential sector: when the amount and quality of housing on the market meets demand, and the residential market 
is relaxed, people live where they want. When the residential market is tense, and there is not enough housing stock 
of the necessary quality, people are forced to make compromises like, living in their second choice community. This 
phenomenon impacts low income populations first. This mechanism also defines the amount of empty real estate. If 
the neighbourhood has more suitable housing than the rest of the agglomeration, then the neighbourhood will likely 
be popular and the empty rate will decrease.  If the neighbourhood is not as desirable as others, then the empty rate of 
accommodation increases. This dynamic impacts less desirable neighbourhoods first. Changes for the service sector 
in the neighbourhood evolve in the same way. The preferences (location factors) differ depending on the social 
structure of the population and the activity sector.  
The model applies this mechanism by calculating an indicator on location factors. The quality of each location 
factor for the neighbourhood and for the rest of the ring will be defined during a workshop with local urban planners. 
The relative indicators comparing the neighbourhood to the rest of the ring will be fixed to a “function of local 
development”. Results over „1“ indicate growth in the neighbourhood whereas results below „1“suggest a decline. 
Moreover, the indicator allows for an estimation of the speed of development; the farer the indicator value is from 
“1”, the quicker the change because the function tends to zero and to infinity.  
The development is limited by input data on the neighbourhood scale, such as available area for new building and 
maximum density. An increase or decrease in occupied area in the neighbourhood per year can be calculated. 
4.2. The activities and demographic groups affected by change 
The next step is evaluating the different actors on the ground, including population groups and the type of 
companies that are shaping the dynamics of the neighbourhood. To identify the types of population groups arriving, 
the model applies different location factors per groups of residents (per demographic profile) and per type of company 
(per activity sector). 
For residential purposes, different location factors have to be taken into account, under which the most relevant 
factors are, first quiet and safety, then car accessibility, closeness to family and infrastructure, local supply and lastly 
the cost of land or rent. The weight of these preferences is modified by age and income. Thus the same social categories 
(according to age, income level and ring location) used to generate the transport step are used for the land use module. 
Each distinguished group is associated with a different location factor rank (Vallée, 2014). 
The primary location factors for a service sector employer in deciding on a location are generally, in order of 
importance, qualification/income/availability of employees, local taxes, available space and land price, incentives, 
and at lastly accessible transport. Menzl finds that the ranking of location factors differ according to the activity fields 
below (Table 3): 
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Table 3. Ranking of location factors according to the activity fields (from Menzl, 2009) 
 Industry Construction industry Business Transport und logistic Services 
1 Qualification of 
employees 
Surrounding firms / 
Image  
Land price and 
available area 
Employees cost Surrounding firms / 
Image 
2 Local taxes Incentive Local taxes Local taxes Qualification of 
employees 
3 Energy water Employees cost Qualification of 
employees 
Infrastructure Incentive 
4 Employees cost Infrastructures Employees cost Quality of services Employees cost 
5 Availability of 
employees 
Qualification of 
employees 
Public transport 
accessibility 
Availability of 
employees 
Land price and 
available area 
 
The parameter of attractiveness is measured in relationship to the other values of location factors in the rest of the 
one ring, resulting from the ranking for each population class and for each sector of activity. For example, if the 
indicator for business is higher in the neighbourhood than in the rest of the ring, mainly because of accessibility to 
public transport, then business is more likely to increase in the neighbourhood. Another example is if the attractiveness 
indicator for students is lower than in the rest of the ring, even if public transport is important for this population 
group, it is possible that the housing is not adapted to their needs. This will result in a lower number of students. In 
the case of concurrence between sectors and population groups, the one paying more will be given priority. However, 
the input data named “maximum diversity” at the scale of the neighbourhood defines limits to the concurrence between 
sectors. This maximum diversity represents the urban planners’ decision to enable activity changes or new activities 
in the neighbourhood. 
5. “Energy consumption” module  
The energy module uses output from the transport module and the land use module to evaluate the hub and 
neighbourhood energy balance. 
On the one hand, the model takes into account the amount of trips generated and distances linked to the 
neighbourhood per mode and deduces the energy consumption for transport purpose (Fig. 9). On the other hand, it 
calculates energy consumption for the building sector, differentiating the station from other buildings in the 
neighbourhood and taking into account different building use (for services or residential purposes). 
In the model, as the amount of consumed energy is directly linked to technology, scenarios are used that include 
changes to, and the diffusion of, technology (for instance: increased numbers of EV in the fleet). Fleet composition 
for the transport sector, and choice of equipment for the building sector, change over time and impact energy 
consumption. 
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Fig. 9. Methodology for energy consumption, for transport and building (Eifer, 2013)
Transport energy consumption is represented throughout the day in 15 minute time steps for each type of vehicle, 
per passenger, and per energy type. Public transport includes trams, buses, regional trains and underground trains, 
when available. Vehicles are separated into fuel type: petrol, diesel fuel, hybrid and electricity. The transport 
consumption values are calculated by EPIe by using the urban driving cycle from Artemis (Picherit, M.-L., 2013). For 
the calculation of the LCA, extraction for energy production, production of the vehicle, use phase and recycling are 
taken into account (Fig. 10). 
 
 
Fig. 10. LCA consumption factors (Picherit, 2012)
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Building consumption is divided into two sectors, residential and service. These values are derived from an internal 
tool, developed by EIFER (Le Marre, 2013) that computes energy consumption for housing (CEREN data). Heating, 
domestic hot water, cooking and other electric uses are taken into account. Issues that influence energy consumption 
are linked to the construction date of the building, the level of renovation and the compact build. So the buildings of 
the neighbourhood are classified by the following criteria: individual house/collective flats, year of construction and 
degree of renovation. Service building consumption is extracted from the CIRAIGc’s study (Bachman 2011), and 
includes heating, cooling, lighting and ventilation. Generic parameters are used for normative behaviour per m2 
(heating needs / lighting needs, etc.) and for the distribution throughout the day of energy consumption. The balance 
can be per person, per m2, per energy type or per technology used. 
Finally, the station consumption balance is similar to building consumption, except that equipment is considered 
as a specific: for instance, elevators, ventilation, lighting, traffic sign, parking, etc. (Sproni, 2005). 
Different types of energy balances can be identified by the model; the project aims to enhance the discussion 
between different urban actors. 
 
x Calculation of final energy by use phase: the energy balance describes the efficiency of different consumption 
patterns by comparing the use of different technologies. This kind of balance supports energy management.  
x Calculation of consumption for a service: the energy balance compares different ways of achieving a need, taking 
into account the energy needed for the production of the device through to the end of life (Life Cycle Analysis - 
LCA). This kind of balances can be translated in greenhouse gas emissions (in CO2 equivalent) and is adjusted to 
environmental impact analyses for transport and urban planners.  
 
Two forms of energy balance can be provided through application of different consumption factors, thus meeting 
project requirements of governance (Table. 4).  
 
Table 4. Perimeter of different energy balances (Eifer, 2013) 
 Final energy balance 
(Consumption factors per 
hour or km for the use 
phase) 
Balance of services 
 
(Consumption factor, LCA and eq.CO2: per hour or km for the use phase and 
production / recycling of the equipment and production /distribution of energy). 
Inter sectorial 
(per energy) 
Transport sector Station Building sector 
Objective Energy management 
Impact on energy 
production and  
distribution 
Comparison 
between modes 
Comparison 
depending on how 
station is organised 
Comparison 
between 
technologies 
Comparison 
between different 
urban projects 
Area 
„Poste source“ / „sous–
station“ / trip 
Balance 
attributed to the 
trip 
Micro local balance 
(building around the 
station and 
Park&Ride) 
Perimeter of the 
neighbourhood 
Perimeter of the 
neighbourhood 
Time schedules Daily variability is 
important, as well as 
weekly and seasonally 
General balance for all day, for all week or seasons 
 
The following figures show daily consumption of energy in the transport sector (bus, tram, and car) at Rotonde 
station and neighborhood level. The distances taken into account for each mode are the generic average distances of 
 
 
c « Centre interuniversitaire de recherche sur le cycle de vie des produits, procédés et services » 
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trips using Rotonde station. These results show the total of energy consumed by all public transport (unimodal and 
multimodal) trips through Rotonde on a workday and the equivalent CO2 emissions that comes out of the perimeter.  
 
 
Fig. 11. Station emission in CO2 eq. and final energy in kWh balances (Eifer, 2014)
 
 
Fig. 12. Neighbourhood emissions in CO2 eq. and final energy in kWh balances (Eifer, 2014)
 
 
Neighbourhood 
Station 
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These two figures display the emissions dominance of the tramway compared to the bus (diesel), mainly because 
the tramways driving through Rotonde are 3 or 4 compartments long. 
In Fig. 13, are exposed the final consumptions according to the modes; based on the hypothesis of 10% of electric 
cars in the fleet. 
 
 
Fig. 13. Number of vehicles driving to and through Rotonde, with 10% of electric cars (Eifer, 2014)
A calculation with the final energy consumption factor per mode allows for a change of perspective (Fig. 14). 
 
 
Fig. 14. Final energy consumption of trips from and to Rotonde station, with 10% of electric cars (Eifer, 2014)
6. Conclusion 
This article focusses on methodological issues and presents an initial step in developing an important model. Energy 
consumption for the base year is identified over three sectors (transport – station – building) then the model is built 
using a system dynamics.  
The following weaknesses have been identified in the method:  
 
x The impact of public transport quality on tram and bus use is not taken into account. 
x The comparison of changes to the agglomeration and changes to the neighbourhood should be more accurate 
(location factors for the rest of the ring are still not completely satisfying).  
x The very local scale, then the small survey sample, induces some uncertainties. 
 
Initial results show, that it is worth continuing to work with this simulation method because it supports local 
authorities in planning TOD. It affords a multi sectorial approach; it enables the change of perspective between on the 
one hand final energy and on the other hand LCA balance.  Finally, the results provided are intended for transport 
planner -modal split and fleet/station needs-, urban planner -CO2 eq. balance- as well as energy provider -amount of 
electricity in the grid- creating a real significance in governance. 
The next step is the calibration for a base run simulation of land use. Then different scenarios in transport, 
technology changes and local development will be performed (2014 – 2015). 
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Appendix A. An example appendix 
Spatial Demographics Social 
Number of 
people 
(sample) 
Number of 
represented 
people 
Average daily 
trips / person 
Average daily 
distance / trip 
1st ring 
5-18 years old All incomes 76 7,028.71 1.25 2.99 
18-25 years old All incomes 138 11,274.93 1.66 3.75 
>25-65  years 
old 
Lower incomes 106 8,331.73 1.61 4.43 
Medium incomes 57 4,967.45 1.82 6.67 
Higher incomes 128 10,913.01 1.71 5.35 
> 65  years old All incomes 46 3,659.05 1.41 2.35 
2nd ring 
5-18 years old All incomes 568 34,756.07 1.13 3.5 
18-25 years old All incomes 281 19,708.68 1.4 6.96 
>25-65  years 
old 
Lower incomes 559 37,307.82 1.53 6.74 
Medium incomes 271 19,634.85 1.56 8.21 
Higher incomes 374 27,612.89 1.62 9.95 
> 65  years old All incomes 278 19,412.02 1.02 7.72 
3rd ring 
5-18 years old All incomes 521 38,420.45 1.21 5.03 
18-25 years old All incomes 183 14,009.75 1.32 11.22 
>25-65  years 
old 
Lower incomes 395 24,325.73 1.79 9.14 
Medium incomes 399 30,160.26 1.67 10.94 
Higher incomes 491 37,219.69 1.68 13.7 
> 65  years old All incomes 338 25,202.92 1.1 7.15 
4th ring 
5-18 years old All incomes 482 40,383.34 0.87 7.67 
18-25 years old All incomes 146 12,424.95 1.66 16.95 
>25-65  years 
old 
Lower incomes 329 26,438.95 1.69 14.56 
Medium incomes 426 38,564.84 1.69 18.66 
Higher incomes 402 35,996.02 1.58 19.02 
> 65  years old All incomes 295 26,362.78 1.14 7.47 
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